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FOREWORD 



Itiis r^xDrt was funded by a "seed grant" fron the TAFE National Centre for 
Researrh and Developr^t at P^ynehaIn, South Australia. Ihe availability of 
this type of funding for research is very much appreciated. 

The aim of this project is: 

To identify the training needs of the errerging industry 
required to support the developroent of the hi^ 
performance areas of the autanotive machining and 
reconditioning field with particular attention to the 
use of materials and the development of nechanical 
coiponents to produce maximum efficiency. 

The writers would lite to extend their thanks to the many people who 
actively assisted in the preparation of this r^rt. To the members of 
CAMS who provided a valuable insist into motor racing and to the many 
people thrxxK^out the industry vAio tocdc part in the study and provided 
valuable advice and information. The iiput froKi Engine reconditioning 
managers throu^out Australia also deserves particular recognition. Their 
interest in training needs related to the area of engine reconditioning was 
very c±vious and indicates a healthy future for the trade. 
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Based on the oonclusionr and findings of this study, the follcwing 
recoTimeiKiations were reached. 

1. To provide a post-apprenticeship ocurse of advanced skills for the 
maciuning, building and operation of hi^ performance engines and 
itechanical conponents in the following areas: 

a) Precisian machining of cortpcyients 

b) Engine design considerations 

c) Engine assentoly and blue-printing 

d) Engine testing and equation 

e) Welding and fabrication 

2. Ihe design of the above course shculd addrers the varying needs of 
Engine Reconditioners throughout Australia and also encourage 
participation by utilizing a flexible approadi such as C^^en Learning. 

3. To determine the means by vAiich the need for initial training in 
Engine Reconditioning can be provided in those localities which 
currently are not effectively serviced by appropriate apprenticeships. 
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1. MEmTOLOGY 



This r^X)rt is based oti qualitative, explorative needs based 
researcii. The data was aollected by means of: 
selective literaturs search 
personal interviews 
questionnaires 

For the purpose of this r^rt, it was decided to use a modification 
of the Snoutoall Technique^ as a iteans of information gatrering. 

This technique requires the initied identification of a knowledgeable 
person frau the relevant area. This person is then asked to namnate 
others v*io are also regarded as knowledgeable and as the process centimes 
the snowball effect is created. 

The initial approadi was itade to the Confederation of Australian Motor 
Sports (C.A.M.S.) as the groi?) responsible for the administration of all 
motor sport in Australia. C.A.M.S. endorsed the conc^c and supplied a 
list of main players \(Aio were then personally interviewed to identify main 
trends. 

The parameters of the main player interviesnrs were established from the 
results of a literature survey which looked at the use of modem technology 
and materials in the motor industry. 

The trends identified by the main players were then analyzed to 
identify potentied n^aeds within the industry and these needs were used as a 
basis to develop a questionnedre. 

The questionnaire was distributed to the managers of a range of Auto- 
motive I ^^conditioning businesses in each Australian State and Territory. 

^ ABRAHAMSCW, M. (1983) Socied Research Methods Prentice-Hall Inc. 
Tinglewood Cliffs 
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2. FTKTD PERSFECnVE 



2.1 Motor Racing in Australia 

Motor Racing in Australia has a long history, in fact the Australian Grand 
Prix is the second oldest event of its type in the world, the first race 
tcJcing place at Fhillip Island in 1928 was pre-dated by the French Grand 
Prix vAiich was first staged in 1906^ The vehicles used over the years have 
been generally "last years" European cars enabling the Australian Motor 
Industry to keep abreast witli but not necessa r ily at the cutting edge of 
technology. 

Despite hosting many "International" events, notably the Tasman Series 
during the late 1960 ' s and 1970 ' s , Australia had not run a world 
chanpionship event until 1984 v*ien the fineil round of the World Endurance 
Chanpionship for Group C ^jorts cars Wcis held at Sandcwn. Hie following 
year saw for the first time, the running of the Australian Grand Prix as a 
round of the world chaitpianship series and the adoption of International 
Rules to local class racing with the introduction of Grotp A touring car 
regulations. 

This trend has continued culminating in Australia hosting two world 
chanpionship events on consecutive weekends, the Australian Grand Prix in 
Adelaide on Noventoer 13 and the final round of the World Endurance 
Oianpionship at Sandcwn November 20th. 

Ihe future of these events is assured with the anncxmoement during the 
Australian Grand Prjjc by the Federation Internationale du Sport Autoaniobile 
(F.I.S.A.)/ the world governing body of motor sport, of an agreement for 
the continued si^^port of Adelaide as the venue for the Australian Grand 
Prix for the next 7 years. Discussions with international cotpetitors at 
Sandown by members of this researdi team, verify their strong sipport for 
the continuation of a world sports car ciiaiFpianship at this venue. 

2.2 Hictfi Performance Engines 

By definition, a hi^ performance engine can fall intx) several categories: 
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(1) A production engine that has been ircdified for increased pwer 
output. 

(2) An engine produced by a qucility car manufacturer. 

(3) An engine designed specifically for racing. 

All three vary considerably from the base product and require very hic^ 
skill levels, botn to pr^jare and maintain. 

3. HIGH PERPOFMANCE ITODUCna^ ENGINES IN VDTOR RACING 
3.1 Racing Catecrories and Regulations 

Ihe use of a production engine is necessary in certain categories of racing 
such as Formula Vee, Formula Ford, Group E Si ? Touring cars and rally cars. 

Uie regulations in force for such classes of vdoicles edlcw rebuilding of 
the engines to an exact, defined specification that limits capacity, 
cciipressi<3n ratio, valve and port size, valve timing and mass of 
ccnponents. 

In Group A Touring Cars, certain freedons axe granted in the areas of 
ocwpression ratio and valve timing, but strict regulation of venturi sizes 
and manufacturer's specifications are enforced. 

Group E, no modifications are permitted, only the removal of the exhaust 
and shodc absorbers may be changed. 

Formula Vee and Formula Ford have extremely detaileg specifications as to 
the type of engine used, the act'oal dimensions and wei^t of corrponents ^nd 
the racdiining tolerances permitted . Sports sedans al lew unl imited 
modifications to the engine witn an upper limit on engine capacity. 

Ihe introduction of National Association for Stock Car Auto Racing and 



Australian Stock Car Auto Racing brir^ with them closely written 
regulations that cover the vAiole vehicle. The engines are specifically 
limited in capacity and the source of oanpments such as the cylinder 
block, cylinder heads, caiishaft, pistons, oonneccing rods, camshaft and 
rocker gear, carburettor type and size is also ^)ecified. 

•Ihe new Formula Austrcilia uses the new Holden Camiodore 3.8 litre V6 
engine* By specifying the engiiie to be lased and a^?)lying dinensional 
constraints on the actuad ceo:, the pronoters hope to encxxirage an increase 
in the nunter of d.iassis builders and engine preparation firms in this 
country. This will be Australians premier open wheeler formula and 
accorxiing to me car oonstruction engineer ••will allw local chassis 
development and reduce costs for the ccnpetitor'^ . 

The aim of any set of regulations is to provide a set of rules that are 
fair and just for ill ccmpeting vehicles and conpetitors. Vehicles can be 
classed according to engine: size, price, body type, number of seats, 
method of aspiration, the type of fuel used. 

Fran the conpetitors viewpoint, they will select a vehicle within the 
category that they race according to its make (to which they may have 
allegiance) or to its suitability or potential as a race winner. 

If a certain make and model proves to be more successful, other conpetitors 
will quickly follow the lead (and sonetimes the success) oy p.irciias-»JTg 
similar vehicles* When one make of vehicle displays ccnplete daninance 
within its class, the spectator appeal will diminish and attendance numbers 
will drop* Sponsors may become d^^ssa t isf ied and withdraw si^^port* To 
ovenxre this, governing bodies will often review the regulations to 
encourage tje introduction of different makes to prevent one make 
dominance* 

With regulations closely written and strict controls on fuels and engijie 
specifications, it becones the challenge of the vehicle amer, entrant, or 
pr^^arer to develop the vehicle and its engine, within the spirit of the 
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regulations, to be as cxatpetitive as is T)eces:isa:>y to win the races and the 
particular chanpionshii; being contested • after all that is the aim for 
both the oonpetitor and their j^xansors. 

The success of NASCAR in the U.F.A. cannot be denied, crowds of to 
;00,000 ^jectators flock to the n:per speedways to witness the spectacle of 
30-50 race carS; that are closely matched in ^)ecificatiai, coipete for 
huge amo u nts of prize inoney. 

Ihe anticipated s^oooess of the Australian version, AUSCAR; is based \Jpor\ 
similar very ti^ and closely polir«i reguiatrons. Billed as the world's 
most popular form of Motor Racing by Mr. Jane ' s latest radio 
advertisements; NASCAIVAUSCAR racing is certainly makiiig its mark in 
Australia. This is evidenced by the millicai dollar prize money being 
offered for the December '88 ireetijig. Anyone \Aid b>ds xallcwed ixtor sport, 
will bear witness to Bob Jane's transformarion of Calder Park fron a miid or 
dust bowl (depending on weather) to its present state as a motor racing 
cccplex. 

The modem Calder ?ark bo^stz fcur different oonfigurations of race 
circuit, permanent ^^ectator facilities ard noved service road. . Ihe 
beginnings of a Technical Park/Industrial estate are also evident in the 
form of permanent workshops a;id the availability of race cai' preparaticn 
enterprises. 

4. FINANCIAL SPONSCSgHIP 

A LXiuuLiii factor of most successful ccnpetitors is a hesdthy financial 
budget whidi is usually provided by a ^xr.sor. Uie willingness of a 
^xsnsor to si^port a racing team is often governed by the past results of 
that team and the likelihood of success. Ihis success will bring kudos to 
the team ard often continuation of their ^xaisorship in future seasons. 
As stated by one team manager; '•my sponsor has been with me for over ten 
years, but we give them their money's worth". 
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Most racing teams attract soae sponsorship; the shortfedl in cperatijig 
costs is borne by the team itself; which is often CH>e person; usually the 
driver. Sponsorship of a series of racing such as NASCAR or ADSCAR allcws 
each "Association" to road' :ain ^^alations by using cccpulsoiY oaiponents 
subsidised by the manufacturer. This is both direct and indirect 
sponsorship. 

The successful teams then; are those with the finances to buy the latest 
vehicle; the most current ttschnologj^ and the staff to organise the team as 
a professional ; cohesive unit . These finances will also fund ongoing 
research into further developing the latent potential of their selected 
vehicle. Financial ^xansorship can be seen as the stiraulvis for growth in 
all categories of racing according to most team managers and is the 
ambition of many budding cccpetitors. 

Over recent years there are an increasing number of sponsors willing to 
fund; with six figure budgets; racing teams because of the hi^ profile of 
this sport. This has created a shortage of personnel with the skills 
necessary to prepare the engines for racing . The cost of engine 
preparation is extrer^y expensive because of the amount of hours required 
to develop the engine, frcm its basic form; or its designed purpose as a 
power unit for a passenger car; into a racing engine producing up to three 
times its original power output. The original methods of engine 
development we^re to alter ccxnponents and try them cut on the track. There 
was little science involved althou^ the more successful teams got things 
wrong fewer times. Engines wculd be run until a conponent fedled, that 
ccnponent would then be modified or reworked and tried again. If another 
ccnponent fedled the process would be repeated. (The alteration of 
ccrponents would need to conform to the regulations otherwise the legality 
of these alterations would result in disqualification). The penultimate 
esq^ression of this iitproveannent method is the Aries Chevrolet engine v*iich 
looks like a Chevrolet but is made fron exotic materials and costs around 

$40; 000. 



Motor racing has never been a poor mans sport; but today a racing version 



of a Holden V8 engine in Group A can be as hi^ as $32,000, a EMW IC engine 
up to $48,000, these being normally aspirated engines. Ctvicusly any 
development on these engines will need to be carefully planned and checked 
to minimise the risk of destroying sixh veduable cotponents (if not the 
engine) • 

3. .^^rrp-iFn PERSONNEL 

To plan, design, perform the itKxtifications and evaluate the results will 
require skilled personnel . All team managers and vehicle pr^>arers 
interviewed ocaifirmed the shortage of such people, both within their own 
organisatians and those of their caipetitors. There is edso a shortage of 
firms in the Autcrootive Machinist field with the skilled tradesmen able to 
effectively liaise with the engine developers and perform the machining 
operations required. These services, v»*ien avealable, are expexrsive and 
usually confined to a conparatively small number of firms \fAio have the 
expertise demanded. Professional pr^>arers of racing vehicles and engines 
are therefore clear in their cwn minds of the alterations to be made to 
oonponents and issue the instructions for machining . The private 
oorpetitor however, will often rely tpon firms to do the total pr>^»ration 
such as suspension alignment, gear box overhaul and the engine preparation. 
Altem 'v^^ely they may rely on the Autonotive Machining workshops to either 
machine the ocnponents for the cwner to asseamble, or carry out a full 
dismantle, prepare and assemble on the engine, for the owner to instedl. 
Regardless v*iere these people come from, there is a strong reliance on the 
skills and kncwledge held by the Autcrootive Machinist. 

There is a oonoem expressed by vehicle preparers, team managers and 
caipetitors that there is often a lack of understanding of essential work 
practices usucdly held by oorpetent tradespeople. For example - 

(i) cleanliness v*ien working on engir^e corponents during 
dismantling and assembly. 

(ii) understanding of correct assembly procedures. 
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(iii) understanding of cxxiponent operating principles and 
reasons for desigi: c±ange i.e. , valve timing and its 
relation to pcwer output and rev ranges. 

(iv) lack of attention to detail. 
6. HIGH lEVEL MUUl SKILL REOTIREMEWIS 

All indications froro occpetitors, team managers, vehicle preparers and 
autoraotive machinist workshop owners are that the denand for services at 
all levels , and the need for a skilled and ccnpetent workforce , 
particularly in the engine machining trade, is increasing rs^Didly and 
currently the only source for skilled persc^mel is other teams. 

Many of those interviewed, including international teams at the World 
Sportscar Chanpionship event held at Sandcwn in Ndvent)er '88, were not in 
the business of training people, but preferred to ••poach" workers of kncwn 
ability fron other teams. Ihis could be seen as in-built, on the job 
training as workers, by moving from team to team obviously experienced 
different ti^pc^ of ocnpetition car together with quite possibly, a 
different approach to car preparation. This may be seen as an advantage to 
those already working in the hi^ performance field, but it does indicate 
an inability to expand the pool of effective tradespersons v*iilst 
reflecting the Team M3>^i6 ^sr,^ re3iictanoe to expose expensive equipment and 
possibly life and lint tj : '"ii^^knovTi" . 

The aspect of safety ir an interesting one etlthoui^ it was not spoken 
about directly. It ijs apparent that this issue is foremost in the minds of 
a number of those interviewed. Indications are that prior knowledge of 
ability or esq^erience of a prospective enployee enables the Team Manager 
and drivers to have confidence in team meinbers. 

Skills such as engine blu^rinting, balancing, deck hei^ting, canf^^ession 
ratio calculation, are but a few of the services required. As mentioned, 
the cost of catplete engines is hi^ and reflects the labour intensive 
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detail changes to convert a low pried raw p r oduct into a oonpetitive 
racing engine. 

All ve.iicle preparers and autonotive machine workshop owners agree that 
those seeking a career in this industry will need to build yjpon good basic 
skills and a thorough theoretical knowledge of engine operaticn and pcwer 
production. Being able to operate ^)ecialist equipraent such as c> 
dynanoDBter and cylinder head gas flow rigs will be a definite advantage if 
not a necessity, in the engine building txisiness. 

Motor ^xDrt in Australia has risen from its amatarr and local status to the 
. stage \Aiere we are ocnpeting with top professional European teams in 
intemationed events. 

7. TOE OVERSEA S EXPERIENCE 

Many Australians have ventured to the U.K. and Europe to take vp enplqyment 
as racing mechanics, team managers and racing drivers. These ainbassa d ors 
have enhanced our national reputation as skilled and enthusiastic 
professionals. More recently, with Groip A Touring Cars, local teams have 
taken their own cars overseas and ocnpeted against the multi million dollar 
European t^=tfi T i« and have either won or have been in the major placings. 
With results like this there can be no doubt of our ability to carpete in 
International Motor Sport. 

8. <?KTTT.q cm nRTEALL 
8.1 Entry Point 

Ihe favoured entry point to the industry was as a qualified tradesperson 
with wide e>5)arienoe on normal road cars. The hi^ peirfonnanoe/race car 
preparation industry was not seen as an ideal apprenticeship training area 
as the skills learnt were too narrw. 

A ^)ecific skill noted as not held by many of the mechanics/fitters 
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applying for positions in race teaits vas identified as M.I.G. and/or T.I.G 
welding. This was a cciiBnonly held view of those interviewed and considered 
necessary and normal to the jcb. 

8.2 Non Trade Skills 

In addition to trade based akills CPMS clearly identified other issi.es of 
skills shortages viiidi have becone apparent with the grotrtii of the 
industry. These are predooinately concerned with the si^portive infra 
structure required by approximately 38,000 affiliated members and 162 
Australian meetings each year. 



8.3 Electronics 

Hiki most significant advancement in engine performance in recent times can 
be attributed to tlie adaptation of electronics and cccputer systems to the 
motor vehicle. Because these systems are able to tailor the fuel mixture 
and ignition spark timing to suit all conditions under which the engine 
operates, the system, correctly termed "an engine management system", 
maximum engine efficiency can be achieved both in terms of power and 
eooncray. 

These systems are so effective, that engines, that were producirrj good 
reliable pcwer outputs are new able to deliver even more power, to the 
detriment of mechanical reliability, which is then improved in the next 
ipiate of engine specification. 

The question of there being enough people with the necessary expertise in 
understanding the principles of engine management systems was adcJressed by 
people with backgrounds such as team managers, engineers and several 
ccnpetitors. This group identified the prr^lem of the availability of 
personnel, with the particular skills that they require. 

As one engineer stated, "without basic knowledge of these systems, the 
engine cannot even be started". 
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Hie media liaison representative of the Fonnala Two Association ej^ressed 
ooncem about "a need for expertise in the area of micxociiip technology, re 
engine management systcros". 

Ihe most disturbing trend indicated in this survey is in this rapidly 
e)q)anding industry there just aren't enou^ skilled people to provide the 
services demanded by racing teams. The identification of such a shortfall 
of molti skilled workers indicates that the demand for sucii people has 
exceeded the supply, that this will of course tend to get worse as there 
is no viable source for the r^lacement of those that leave the industry 
throu^ age or career opportunity. CSDviously there is a need for new 
people in the industry, people with a suooessful basic autonotive 
e^renticeship behind them and the usual youthful enthusiasm for their 
chosen sport. If they have the opportunity to e>?)erienoe further training 
in the expropriate molti skill topics, that have been identified as 
necessary in the industry, then they will be more productive at an earlier 
stage than is usually normal, v*iere experience is gained over many years. 
That is not to say that a course of training can supplant years of 
experience, it would provide of ccaarse, the higher level of •'basics" in a 
hi^ technology sport v*iere ev^ rythina moves fast. 

8*4 "Lecise" Engines 

Many of the private international teams spoken to during the World 
Endurance Cliairpionship at Sandcwn, lease their engines from manufacturers 
or specialist engine building pr^>aration firms. Ihese engines are run to 
a strict maintenance sdiedule being returned to their owners at regular 
intervals for maintenance and lariating to latest specs* Exaicples of this 
would be the Oosworth V8 engine for v*iidi the majority of teams use the 
English firm of Nicholson-^icLaren and the Porsche world endurance 
chanpionship engine* The Porsche engine utilising many titaniimi conponents 
and a welding process to attach the cylinder heads to the cylinder bore. 
Uiese two areas are not covered by basic training courses hence the 
necessity of urging the original European manufac*:urer for service* This 
hi^i^ts the cotplexity both in design and materials used in the modem 
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racing pc^/er plant as most interviewed felt that they or tlneir staff did 
not have the expertise to maintain these engines at their maximum 
performance level. It is the opinion of one Australian team manager, that 
without the necessary local technicsd staff, he may find it more eoonomic 
to do the same with a Groap A touring car. This means that local team 
engines will be sent overseas for repair. 

8.5 Race Engineer 

A number of carpetitors v*io were intervies^, inclixiing a racing car 
oonstructor, indicated that there is need for a new position of "engineer** 
with race teams, that is a person to fit between mechanic and Team Manager. 
Ihis person would have the prarticEd abilities of a mechanic ocrobined with 
a theoreticcd knowledge of vehicle dynamics, his/her job would be to "set 
up" the car to suit particular conditions or circuits. This need is 
generated in several ways. 

Firstly, the coraplexity of the current generation racing car, secondly, the 
conpetitiveness of formula type racing e.g. , Formula Ford, Fonmila Vee and 
now Formula Holden, the rules for v*iich are designed to produce cars of 
equal performance. Ihirdly, the involvement of ccranercial ^xsnsors \A\o 
invest large sums of money into race teams with the expectation of ssuooess. 
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9* APPLICATiaT OF TECHNOK)GY 

The autonotive industry' has never lacked '^ri^t ideas"* The past as well 
as the present has been littered with design cx^nc^Jts and innovatiais* 



WcM then is the potential of a teciinical oonoept adapted for use by the 
motoring public? The answer is relevant to the tredjiing need^ of engine 
reoonditioners as the need for trained people will inevitably follow 
technologiccLL development and diffusion • It edso follows that the hi^ 
perfonnanoe skills initially required by the few to utilize the new 
technology are the same that will be widely needed v4ien the technology is 
used in production vehicles^ , However, ocrparatively little of the 
available technology is finailly used ocninercially and not cill of it would 
require special training, particularly in the area of transient technology 
which involves successive generations of processes or materials. These 
progressive developroents often incorporate new features or ooiponents ^4iich 
gain aco^jtance because of a proven record and the potential to iitprove 
performance* A significant oonponent of the training needs may therefore 
be an adaptation or extension of the existing skills hose* 

In addition, any training v*iich atteompts to address the issue of 
technology must be sufficiently flexible to cater for the needs of a 
continuijig process in v*iich skills are constantly i?x3ated in response to 
the introduction of later technology* Fran a ThFE perspective the response 
to technological change centres upon the developnent of curriculum and the 
provision of resources required to inpleatent the curricula* The 
develcproent of curricula requires accuracy and the apprcpriate resources 
mast be provided within a time frame whidi cxantinues to ti^ten. lu these 
days of eooncmic constraint, it is essentieil to balance the need to he 
sensitive to etnerging requirements of industry with the costs involved in 
satisfying these needs. The early and accurate identification of 
vocationed training requirements is therefore very critical to TAFE, 



RTTCHIE J.B. (1984) The Dynamics of Technological Advancemer'.: 

and Diffusion into Industry. 

IN, MTny^TrrpT TRcmCS TRAINING NFP n^ pppniyp. 

National Training Council Canberra 
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particularly yA)en the itajority of the industry cxansists of small 
businesses most of \^^Kxn have little opportunity for research and future 
planning to cater for the iirpact of new technology. If we can identify the 
viable new technologies early enoo^ then should be able to gain 
sufficient lead time to develop the training required by a modem 
oorpetitive workforce at the time that it is needed. 

In the motor industry most technical innovations are first trialled by 
specia"*ist racers before being introduced to the domestic markei. An 
examination of the process by v*iich premising technological advances became 
conmercial realities shews that the earliest practical time of 
identification occurs during the trialling period of motor racing. In this 
hi^y ccnpetitive business tJie costs are hi^, and to the winners, the 
rewards are great and any technological means of gaining a winning edge is 
quickly taken. Moreover any technological inproveroent that could be 
included is subjected to the most severe testing in the constant search for 
improved performance ;f*iere the cost factors, efficiency and reliability are 
under constant review. 
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10 'ny yMDKA?^ ^NTp i mnripvtmrr 

The )ugh technology transformation of the global autanotive sector is 
ceramic parts, fiJ=re cptics, ooifosite materials, pa-dered 
^ eOloys, cermets, er^ineerir^ plastics, advanced sensors, display 
electronics, flexible manufacturing systans and CAD/CAM are redefining the 
vay cars are designed and built. The next generation of autonobiles will 
a«e their heritage more to aerc«pace than to the auto sector of the 
seventies. 

Even assumii^ the conservative path of the continued viabili , in the use 
of the iiTtemal conbustion ermine, technology can be used to incre^ 
efficiency. Foe exanple, if a turbo charged direct-injection diesel engine 
using sane ceramic ccuponents in "hot areas", is coupled with a 
continuously variable transmission and placed in a small passenger car the 
size cf a Itoyota CoroUa, a city test cycle could n^rtum results of about 3 
litres per 100 kilcroeters^ . 

Autanotive manufacturers re^gnise that caipetitive advantage recjuires 
swift identification of the latest ideas ani technologies fran arcund the 
glebe and that mastery of technolc^ is ncv the .oeans for achieving 
intematio^l conpetitiveness. The autaiotive primes have pursued a ramd 
of aajiisitiais ani strat^ic partnerships to ca^ an early awareness of 
the latest ideas am technologies and this restructuring has aa:«lerated 
the infusiai of advanced technology into the global auto sector^. It must 
also be recognised that as advanced technology becotes incorporated into 
the design of autoncbiles, we must ensure that the technical proficiency 
and knowlec^ of our technicians will continue to keep pace with those 
advances to prwide the servicing requiiied. 

Ihe availability of appropriate skills in adequate numbers is essential to 

3 AIKHUIZRA., ANDEKSCNM., JONES D. , PDOS D. & J. (1984) 
' V fy cf fnln i yg of Jartrtxtile 

4 KJBINGER B. & WEINER S.B. (1986) Aocessii^ Jape's High Tedl 
Progress: Guidelin-- for Auto Industry Patiifinders. S.A.E. 
Tfechnical Paper Series No. 860519 
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the well being of an industry as it assists the industry's cc^city to 
ads^ to changing needs. An inadequate work force can thus have a negative 
effect on both the Government's objectives of international 
caipetiti'^'eness and edso on the expansion of an industry by limiting its 
ability to cope with the effects of introducing new tedinologies and 
materieds^. 

In Australia the si:53ply of skilled personnel for the autanotive machining 
and reoonditioning field is bR5=yyi vpcan our apprenticeship system. Some 
states such as Victoria, West Australia and Queensland, have specialist 
apprenticeships v*iich provide ^^ecif ic trsdning . Other states or 
territories base their training on parallel oxirses such as Fitting and 
Madiinin? or Motor Mechanics. Trades people from these courses then 
tremsfer and refine their skills as required for autanotive 
reccnditioning. Whilst the altenative sources ot --rvpertise can provide a 
strong skill base due to its variety, it can also result in sane shortfall 
in uniformity of skills and skill levels. This situation will have a 
significant effect \:pon the training and retraining needs of the industry. 

The need for the adaption or extension of the existing skills base to 
cater for the effects of introducing new technology or materieds is 
d^Dendent upon vhat is introduced and the rate at which it is diffused into 
the industry. 

•Ihe fac*" is, however, that there is subfvcantial evidence of 
skill deficiency problems caused by inadequate training responses 
to new technologies. • (Ritchie 1984) 

The best possible response to emerging training needs will therefore be 
determined by our ability for early identification of viable technologies 
and materials and the accurate assessment of their assimilation rate. 



Australian Science and Technology Council (1987) p. 4 Wealth 
from Skills Measures to RAise the Skills of the Workforce 
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11. OOCUPAnON^ T. Ti^q OP cyrTT.q 

The Vic±orian CES figures for November 1988 showed that there were 39 
registered vacancies for Autototive Maciiinists. These shortages appear 
consistent with those experienced in a number of major oco^^tions facing 
an increased demand for skilled labo^Ja: ar^l changes in the types of skills 
required. 

One factor viiich appears iirportant in explsdning skill shortages in a 
number of ocopations is the hi^ rate at vAiich skilled woricers leave the 
occi?)atians for v^di they are trained. While one wculd expect seme 
woricers to dwige occcpatiOTis as a result of career development and 
incorrect decisions on career choice, ad hoc studies and anecdotal evidence 
suggest that the level of sq^aration fron sone skilled occtpations is cause 
for conoem^. 

For all trades the rate of s^>aration frcm the oocipation in v*iic4i an 
apprenticeship was corpleted (hone ooci?>ation) increases with tho time fron 
quadification. Whilst there are no available statistics specifically for 
Engine Reconditioners or Autonotive Machinists, the rates for Motor 
Mechanics of 45.3%, and Fitting/Turning and Toolmaking 41.9%, provide sane 
ccnparison (see table 1) . 

The COTstant movement away froni a hone and vertically integrated 
oocipatian such as Eng^-^ Reconditianing (see fig.l) drains the 
occvpationcd pool of at least basic skills. 

This loss of occLpaticrad skiJ.ls also tends to have an adverse effect on 
the provision of courses intended to ipgrade skills. The structure and 
content of advanced courses should therefore be designed to encourage 
peuiliicipatian. The structure should be flexible to allow each worker to 
acquire the specific skill \/*iich the^ or the firm need. The credentialling 
system should recognise the gaining of each skill. The content of ccui^ses 



THCMAS C. (1988) Separation fron the Trades Discussion Paper 
No. 2 

Department of Enployment, Fjducation and Training Econanic Division 



must reflect the variation of occajpational neeus. 
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TAIU 1 : PHSEMS AGES lS-64 TWS NOUIIM TRAK QUALIFICATICMS l« SELECTED FIELDS 

MIES Of SEFMUTIGR fKM IOC OOVA T I OH/S « IT TCJUtS SIMZ OUALIFICATIOi MfiTULIA« 1981 



FIELD or OUALIFICAflOi 



TOTAL UITR 
OUMLlFICATlOa 



<1 



TEMS SIKZ QUALIFICATIOi 



1* 



5-9 



10 U 



15 19 



20* 



METAL TRACES X ^ 

FITTING. TURNING i TOOL MAKING YUJOO 21.2 3SJ 

WELDING i lOUERMAriNG <.2,500 27.9 t2.1 

SHEETMETAL UOKK!NG 12.000 Z1.6 37 7 



47.3 
49 2 
49 2 



56. 6 
52 5 
59 a 



62 (. 
56.9 
63.8 



65.6 
58 8 
68 3 



53 r 
50.0 

54 a 



^ ELECTRICAL TRADES 90,400 

V£> BUILDING TRACES 

CARPENTRY t JOINERY 89.400 

• BRICKLAYING 20,200 

PAINTING i DECORATING 34,200 

CONCRETING, PLASTERING i HASONRY 10,800 

PIUMBING i GASFITTING 42,900 



20.8 

22.6 
20.0 
24.9 
35.8 
17.7 



27 1 

38. J 
31.9 
39 6 
50,*. 
27.4 



35 4 

47 7 
54.1 
44 6 
49,0 
33.5 



57 0 
36. <. 
43 0 
54 0 
37 4 



45 2 

62.6 
40,9 
45.1 
3S,1 
41 0 



53 4 

67 u 

54 2 
47 5 
66 4 

40.0 



40 7 

55 7 
42.5 
43 4 
57 0 
39 2 



i 



PRINTING TRADES 



34, 100 



24.6 



36.9 



44 J 



52 0 



54,9 



57 4 



50.8 



VEHICLE TRADES 
- AUTOMOTIVE MECHANICS 
PANEL SEATING 



64.600 
18,100 



27 ? 
24 8 



39 5 
45.6 



50 5 

51 5 



57.7 
53.2 



63.1 
55,5 



67 4 
63. S 



54,4 
51 3 



BUTCHE ^ING 
FURNITURE TRADES 
BARBERUG i BEAUTY CULTURE 



29,100 
27, 100 
59, 100 



16.8 

20.? 
22 6 



40 5 
40.8 
40.7 



46.9 
54 2 
65.2 



52 I 
61 6 
77 5 



53.4 
65.7 
78,7 



56.8 
73 4 
83 4 



49 5 
59 3 
67 9 



SOURCE . ABS, 1981 Census of Popuittion and Housing 
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MAJOR TRADES QUALIFICATIONS - RATES OF SEPARATION 

FROM HOME AND VERTICALLY RELATED OCCUPATIONS, AUSTRALIA 1981 
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12. INamrVES for UPGR^ nTMr: f^Jf^ 

The prtDblem of snail firms having acxaess to current or i^xJated skills in 
order to reonain ccnpetitive is a difficult one. Human Capital Theory 
(H.C.T.) is ocncemed with the amount of training uncJertaken by firms and 
individuals. It suggests that a firm will undertake training if the 
benefits e xceed the costs. In the past very few saraall firms have made a 
serious effort to provide any cour^a of training apart fran that of basic 
apprenticeships. Most tend to rely upon skills being acquired else&Aiere 
and so have little if any esqperienoe in accurately assessing the 
cost/benefit relationship of training. Hie training benefits are 
influenced by a number of factors including: 

The type of skills inparted. HCT predicts that firms will tend 
to provide firm-specific skills rather than general skills 
vAiich are transferrable among firms. 

The period for ^Aiicii trainees remain with the firm. If skilled 
workers leave soon after receiving their training, the firm's 
investment is unlikely to be profitable. Conversely, the more 
stable the firm ' s workforce, the higher the return to 
investment in training. 

Investment in training is clearly quite risJqr. Employees may 
be unable or unwilling to master the new skills, eatiployees may 
leave soon after acquiring the skills or the skills themselves 
may become obsolete very quickly as a result of technological 
change. 

HCT does not explain, by itself, v*iy Australian firms tend to invest less 
in training than firms in seme other countries. However, it does eiqphasis 
the iirportance of a stable workforce in increasing the profitability of 
training. Hence HCT would predict that the relatively hi^ turnover rate 
of Australian labour (OECD 1984) would be one factor explaining v*iy 
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Australian finns invest less in training'. 

Ihe incentive for individuals to upgrade their skills itay be motivated by 
either a desire to increase their ccnpetenoe or to iitprove their earnings. 
Ihese individuals cxwld be encouraged by recent developments, in expanding 
the award struc;±ure, which allow for increased remuneration in recognition 
of the mltiskilling of workers. Usually this broadening of skills is also 
concerned with the development of canc^Ttu£LL skills such as those required 
by the introduction of Oxtputer Numerically Controlled (C.N.C.) Technology. 
In the future this acquisition of skills may also lead to a breaking dcwn 
of scrae of the traditional barriers that currently exist between trades. 

The loss of occipational skills edso tends to have an adverse effect on 
the provision of courses intended to iipgrade skills. The structure and 
content of advanced courses should therefore be designed to enocurage 
participntion. The stnacture should be flexible to allcw each worter to 
acquire the ^Decific skill v*uch they or the firm need. The credentialling 
system should recognise the gaining of each skill. The content of courses 
mast reflect the variation of ocajpational needs. A r^x)rt fron the 
Australian Science and Technology Council (ASTEC) encourages the use of 
open learning approaches to achieve this flexibility^. 



KREAVAC L. & STREITW A. (1988) p. 7 Skill Formation and 
Structural /^justment the jE^eqponsiveness of Industry Training. 
Discussio n Paper No. 3 . 

D^>artinenc of Enplcyment, Education and Training Econcmic 
Division 

Australian Science and Technology Council (1987) p. 31 Wealth 
frcgn Skills Measures to Raise the Skills of the Vforkforce 
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13. PESUIflS 



13.1 Identified Trencis 

Interviews were ooreJucted at interviewees premises and at several race 
meetings. It was decided that National ccnpetition events afforded the 
best opportunity for interviewing a broad range of local, interstate and 
international teams, thus gciining a general overview of Australian racing. 

Hie nature of the Industry was highli^ted by the difficulty in accessing 
key players both by mail and in person. As cur timing coincided with a 
series of major race meetii^, the t im i n g of interviews with those in the 
inciustry was, of necessity around motor racing cciiiriitnients, with in sane 
cases, blank refusal until after the next race meeting. Machine shops 
involved with teams were in a similar position. Hie tusy schedule now 
required by Australian pnrticipants confirms the growth of the industry 
and the necessity for participants continucus involvanent. 

All indications fron the research conducted in this prelect show that motor 
racing is a growii^ sport that offers sponsors high profile exposure for 
their goods and products. With this appealing feature, advertising and 
marketing firms encourage their large account clients co enter into 
sponsorship deals with the more successful racing teams. Ihis can be 
evidenced by the iirproved telecasts for events such as Bathurst 1000, the 
Australian Grand Prix, the World Endurance Cup, Fornula One races and most 
local and interstate events. This has led to tt:e develafinent of 
sophisticated in-car camera, ("Race Cam") which has been sold overseas. 
Ihe latest Australian develcponent being an in-car cotixiter system which 
provides the vifc-.-er with actual vehicle performance data (Netocnim) . Ihese 
advancements further increase the appeal of television coverage for the 
team ^xsnsors. 

•me ability of any team to be successful will depend upon thei" quality of 
vehicle preparation, team management and team skills level. Ihe quality of 
services available to the teams for specialty skills, such as automotive 
machinir^, is of paramount inportance in engine preparation. Our research 
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shows that currently the professional vehicle pr^araticn firms in Victoria 
tend to favour a liiaitod number of wortehops, the same h^^pens in other 
states, (it is not unusual for rival teams to have their oatponents side by 
side in one workshop) . 

The engijie machine shops themselves agreed that there is a constant 
shD3±age of machinists, those with the necessary skills and the level of 
mechanicsd understanding needed to coipetently prepare an engine for 
racing. 

If an apprentice has satisfactorily conpleted the basic apprenticeship 
course and is considered to have a good understanding of the way an engine 
worJcs (and the conditions under vAiich it works) , they could then be in a 
good position to later broaden and i:pgrade their skills to prepare them as 
future eooployees for racing engine preparation. 

By developing suitable courses of trzdning in the ^^ecialized areas 
identified in this project, a means of gaining the hic^^ level of specific 
skills within each area would be available for the individual and the motor 
racing industry. 
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14. QUESTIONNAIRE SURVEY 



14.1 Responses 

A total of 221 questionnaires were mailed to the managers of randanly 
selec±ed engine raxnditioners in each Australian state or territory (see 
Table 2) . Unfortunately this mailing date coincided with a disrtption of 
man services and the full effect of this on delivery is unknown. A follow 
\jf> letter was forwarded one week later to encourage re^xxises. It is 
interesting to note that several interstate managers telephoned the sender 
and said that they had not received the original questionnaire. Most of 
these also took the opportunity to express their oonoem over the provision 
of training in their respective localities. A total of 73 replies were 
received to give a re^xanse rate of 34%. 

14.2 General Information 

The re^xaises show Ermine Reconditioners are typically small firms with an 
average vrorkforoe of 7 skilled workers. In the opinion of 96% of managers, 
their new staff usually required seme training to satisfy the particular 
requirements of the new positiai. It should not be assumed however, that 
this training only related to advanced skills for although the survey 
focus^ on the need for advanced or post apprenticeships skills, many of 
the re^x^ndents ooratients were also concerned with the provision of basic 
skills. 

the average age of the surveyed skilxed staff is approximately 30 years, 
it can be estim ^ id (Fran Table 1) that the loss to the industry of these 
particular workers over the ne'ct 5 years will be approximately 50%. Given 
the factors of the current wide^read shortage of adequately trained 
personnel as confirmed by 92% of the responcJents, and tlie anticipated loss 
of current workers, it seems n^ost unlikely that the future simply of 
skilled vroricers will iirprove unless there is a major revision of our 
present training provision. 
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TAB££ 2 



BREftKUP OF MAIL TO tflMtS 



NEW SCUIH WAIiS 



SENT REIUPNED RETORNED TO saTOER 



40 13 



AUSTOMZAN CAPITAL TERRTTORY 7 



VICICRIA 
QUEENSIAND 
SCUIH AUSTRAUA 
NCRIHERN TERRi'iia^y 
WESTERN AUSIRAIIA 
TASMANIA 
NOT KNOWN 



77 
31 
22 



31 
9 



21 
13 



5 
2 



TOTAL 



221 73 



10 



CCMPLETED RETURN RATE - 34% 
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Very few of those contacted had yet any experience in working with the 
advanced materials of cartxan fibre (8%), ceramics (18%) . titanium (26%) or 
aramid fiures (2%) . Only 43% of respondents required theii staff to have 
an understanding of electronic management systems. 



14.3 Specific Ctxirse iTiformation 

Re^xxidents were asked to add "iieir suggestions to a list of areas for a 
proposed course of advanced skills. Several of their comments (Appendix 1) 
were the same as, or very similar to, topics ocaitained in our su^ested 
areas v*iich tended to confirm the proposed cxitline. Other su^estions 
included an understanding of alternate fuels and C.N.C. programning and 
operation. 

Responses to the specific course iiiformation section strongly reinforced 
both the previously identified need for an advanced ccurse and its major 
content areas. However, viiilst the ^Decific topics confirm the content 
areas, their inclusion in a new course should be the result of further 
oocupationed ansLLysis. 

Although not all re^)ondents anfiwered each question (^^pendix 2) the 
replies relating to topics, to be included in the suggested areas, shewed 
that a clear majority were in their favour (^jpendix 3) . For exairple. 
Table 4 shows that the average percentage of those who strongly agreed to 
the topics in the area of Engine Assembly was 53%, those vto agreed 
averaged 34%, an average of 9% didn't know, 4% disagreed and only 1% 
strongly disagreed. A similar pattern of si?3po>-t is apparent for topics in 
eadi of the other proposed areas with the hi^iest rate of dissent (average 
13%) occurring in the area of welding and fabrication. 
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TABLE 3 

AVERAGE REPLY RATE TO TOPICS. BY APEAS 



OONTEUr AREA 


STRONGLY 
AG3^ 
% 


AGREE 
% 


DON'T KNOW 
% 


DISAGREE 
% 


STRCNGLY 
DISAGS^ 
% 


mGJUE ASSEMBLY 
& BLUE fKINITNG 


53 


34 


0 


4 


1 


iWbXUSICN MACHIN- 
ING OF OCMPONENIS 


40 


38 


10 


5 


1 


ENGINE T£i>TiNG 
AND ETAIUATION 


34 


52 


13 


1 


0 


WELDING AND 
EABRICftTICN 


25 


40 


17 


13 


5 



NHTE: The above figures have been rounded off to the 
a ppr xpriate number. 



14.4 Oonroents 

Many managers took advantage of the opportunity to canment on ^)ecific 
cxurse information and their responses reflect the diversity of the trade. 
Whilst the majority cxnoentrated cm relevant issues, scroe diverted a little 
too far frcRi the subject and so have been deleted from the list provided 
(see Appendix 4) . 

Whilst the Engine Reconditioners survey was intended to conoentrate i:pon 
the need for advanced skillS/ it was perhaps inevitable that the problem of 
skill shortages at other levels would also be raised. Ihis consistently 
occurred in the comment area of the questionnaire and was particularly 
evident in returns fron states and territories viAiich do not have a 
specialised apprenticeship course. For exairple; one manager said: 

" being an Engine Reconditioner for 25 yearS; I feel this 

questionnaire is fine for Hi(^ PFxformanoe needs / but I would 
like to say that the '•VMDIE TRAINING" of Engine Reconditioners 
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needs to be addressed. There is a need for a TAEE course deeding 
^)ecifically with Engine Rsoonditioning. Ihis wculd entail 
training on all machinery and other a^Dects of the 
reconditioning gaine. If you start with this and then follow with 
qDecialised courses outlined in your questioraicore, then you will 
produce the specialised engine reconditicxiers of the future." 




15. OQNdlJSION 

This project has clearly identified 3 nried for a post-2^renticeship ocurse 
that will provide an advanced level of technological skills for the 
machining, building and operacion of hi^ performance engine and mechanical 
ccnpcnents in the following areas: 

(a) Precisian machining of oarponents 

(b) Engine design considerations 

(c) Engine assembly and blue printing 

(d) Engine testing and evaluation 

(e) Welding and fabrication 

The current growth of various forms of motor racing under the jurisdiction 
of C.A.M.S. can be expected to continue with the involvement of both local 
and international oonpetitors. Ihe infra structure required to seaport 
this industry inclines the need for a persai, with a range of skills 
appropriate to the application of new technologies and materials, yA)D is 
involved in the preparation of vehicles for racing. The ^^ecialist skills 
developed for use in the area of hi^ performance engines and allied 
ccnpsnents may also be appropriate for later use by Engine Reoonditioners 
in the medntenance of vdiicles used by the general public. 

Ihe shortage of tradespeople v*iich has been experienced by Ehgine 
Reconditianers over the last few years, will continue unless there are 
substantial changes to the current approaches to training. Traditionally, 
apart from initicd tradning provided by the apprenticeship system, training 
for the broadening and ipgrading of skills has received very little 
attention from most small Australian firms. This approach may need 
revising so that the Engine Reoonditianing Industry has an available 
wor3cforoe of appropriate numbers and skill levels. 

Whilst this project was intended to oonoentrate on the need for advanced 
skills, many managers are also concerned about initial training. This was 
particularly evident in those art^is that do not have convenient access to 
apprenticeship courses such as Autonotive Machining. 
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An inoentive for tradespeople to participate in training programs, designer' 
to broaden and \:pgrade their current skills, may be provided by new wage 
fixing arrangements. Adults may also be encouraged to participate by 
ensuring that the course is designed to cater for the needs of the 
individual by utilizing Open Learning Strategies. 



APPENDIX 1 



RESPCM)ENTS OOMMElTrS 



C^TTiTf^ OF FROPOSED OXJRSE 
Suggestions for other areas: 



f) An apprenticeship for Engine Reoonditioners as such in Tas. (n) 



* * * 



f ) Basic Mechanics of Engines 



f ) Camshaft Technology 



* * * 



* * * 



f) Balai>cing by use of heavy metal, 

g) EFT black box modification. 



* * * 



f) My suggestion is no. (a) [Precisian machining of ocnpcaients] 



* * * 



f) cylinder head air flow testing. 

g) Modification for specific applicaticais. 



* * * 



f) Cylinder head modificatioa'.. 

f) QJC programming & operation. 

* ★ * 

f) Mechanic/Fitter Madiinist as C»JE TRADE not just for pei-fonnanc? 
;,ngines but for every engine . The technology is getting so 

advanced in our shop one man is losed in cdl aspects of 

lathe/mills building engines and tuning cars etc. Should be a 
Tech course on its cwn. 
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f ) Time Management. 

* * * 

f) Make no 1 - canbine above subjects with productivity, time and 
motion. 

g) Ocranon sense application ocxnbined with a detailed analysis 
programme • 

* * * 

f ) Crankshaft Journal Regrinding. 

•k -k -k 

f) ITnderstanding of alternate fuels. 

g) Kc2thane and ethyl etc (foreseeing fuel crisis) , alternate 
materials (plastics, ceramics) . 

* * * 

f) Engine Prodoct Knowledge - aftermarket ccnp. 

-k -k -k 

f) Cylinder head design variations & new technology. 

g) Updating of toloranoes and tension data etc. 

k k k 

f) UhderstandiJig of Engine Management Systems. 

g) Understanding of Instruments for the testing of hi-performance 
engines e.g. , 4 gas analyzers and scopes. 

k k k 

f) That apprentices from Tasmania be included in the training 
program. 
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APPENDIX 2 



ACTUAL RHSR)NSES 

GENERAL INFtaRMAITON 

1. Oonpany Name (optioned): 

2. State or Territory: 

NSW ACT VIC QLD SA NT WA TAS UNKNOWN TCflRL REPLIES 

13 2 21 13 7 2 6 3 4 71 



3. Number of Skilled Staff: | 6.6 | (Average) 



4. Average age of Skilled Staff: | 29. 7| 



Do your new staff visually require training 
to satisfy your particulai' requirements? 


Yes 


No 


68 


3 


Do you find that there are sufficient 
nunbers of adequately skilled personnel 
within the industry? 


Yes 


No 


5 


66 


Do your staff require an understanding of 
electronic engine raanageinent systans? 


Yes 


No 


30 


39 


Do you have any ei^jeriance in working with 
the following materials? 






Yes 


No 


a) cartxjn fibre 


5 


60 


b) ceramics 


12 


54 


c) titaniiza 


17 


49 


d) aramid fibres 


1 


63 


Do you feel that there is a need to develop 
an advanced course for hi^ perfontance 
engines? 


Yes 


No 


54 


17 
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SPECIFIC COURSE INFORMATION 



The following topics are needed in the area of ENGINE ASSEMBLY & BLUEPRINTING , 



Please indicate your response to the above statement by placing a tick ( ) in the 
appropriate column. 





TOPIC 


1 STRONGLY 1 


AGREE 


1 DON'T 


1 DISAGREE 1 STRONGLY 






i AGREE 1 




1 KNOW 


1 1 DISAGREE 


.1 




. 1 43 1 


25 




1 ^ 1 


.2 




1 ! 


18 






.3 


COMP. RATIO CHECK & CALCULATIONS.. 


. 1 38 1 


24 


1 2 


1 ^ 1 


.4 


DEGREhING IN A CAMSHAFT 


! ^8 1 


16 


1 2 


1 3 1 


.5 




1 ^9 1 


16 


1 2 


1 ^ 1 


.6 


MODIFY LUBRICATING SYSTEMS 


. 1 32 1 


20 


1 3 


1 ^ 1 






1 38 1 


22 


1 ^ 


1 2 1 






. 1 18 1 


25 


1 


1 4 1 1 


.7 




.1^4 1 


28 


1 ^3 


1 ^ 1 


.8 


ENGINE BLUE PRINTING 


1 32 1 


30 


1 ^ 


1 3 1 


.9 




. 1 22 1 


26 


1 


1 ^ 1 



YOUR COMMENTS (IF ANY}: 



35 



SPECIFIC COURSE INFORMATION 



2. The following topics are needed in the area of PRECl ^^i QN MACHINING O F COMPONENiS. 



Please indicate your response to the above statement by placing a tick ( ) in the 
appropriate column. 





TOPIC 1 


strongly! 


AGREE 


j DON'T 


1 DISAGREE] STRONGLY 






AGREE 1 




1 KNOW 


j 1 DISAGREE 


.1 




49 I 


19 










38 j 


25 


I 1 


1 ^ 1 






42 1 


26 










35 1 


28 


1 1 


1 






34 1 


22 


1 3 


1 ^ 1 






49 1 


19 


1 


1 1 






40 I 


25 


1 1 


1 1 1 


.2 


CYLINDER BLOCK SURFACING/DECICING. . . 


43 1 


24 


1 


1 1 


.3 




1 18 1 


25 


1 1^ 


1 6 1 1 


.4 




1 20 1 


27 


1 ^3 


1 5 1 1 


.5 




1 23 1 


31 


1 7 


I 4 1 


.6 


HONING CYLINDERS WITH STRAIN PLATE. 


1 35 1 


25 


1 ^ 


I 1 1 1 


.7 


INLET MANIFOLD MACHINING (V8) 


I 30 I 


33 




I 1 1 1 


.8 




I 38 1 


25 


1 1 


I s 1 


,9 




1 30 I 


26 


1 ^ 


1 1 1 1 


,10 


MACHINE HEADS FOR LARGE VALVES 


1 29 I 


32 


1 2 


1 ^ 1 


.11 




1 30 1 


27 


1 5 


1 3 1 1 
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2. (Continued....) 





TOPIC 


1 strongly! 

j AGREE 1 


AGREE 


j DON'T 
1 KNOW 


1 DISAGREE 1 


STRONGLY 
DISAGREE 


.12 


DYNAMIC BALANCE COMPONENTS 


...j 38 1 


25 




I 2 I 




.13 


STATIC BALANCE COMPONENTS 


... 1 27 1 


30 




I 4 1 


1 


.14 


MACHINE FLYWHEELS 


...| 34 1 


34 








.15 


MACHINE AXLE HOUSINGS 


. . I 8 1 


18 


I 24 


I 9 I 


3 


.16 


MACHINE BRAKE COMPONENTS 


. 1 10 1 


18 


I 20 


I 10 1 


3 


.17 


MACHINE PISTONS 


... 1 30 1 


25 


I 5 


! 2 1 


1 


.18 




..| 10 I 


15 


I 26 


I 9 1 


3 


.19 






20 


1 ^9 


1 9 1 


3 



YOUR COMMENTS (IF ANY): 
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SPECIFIC COURSE INFORMATION 



3. The following topics arc nc*dcd in the area of ENGINE TESTING AND EVALUATION . 



Please indicate your response to the ebove statement by placing a tick ( ) in the 
appropriate column. 





TOPIC 


STRONGLY] 


AGREE 


I DON'T 


I DISAGREE] STRONGLY 






AGREE 1 




1 KNOW 


1 1 DISAGREE 


.1 


DYNOMOMETER - OPERATION/TYPES 


26 1 


'5^ 


1 ^ 




.2 




23 1 


26 


I 10 


1 1 1 


.3 


THEORETICAL KNOWLEDGE OF POWER DEV. 


23 1 


33 


1 5 


1 2 1 


.4 


THEORY OF ENGINE BALANCE 


28 1 


35 


I 4 




.5 


ENGINE EFFICIENCY 


23 1 


35 


I 4 








21 1 


38 


1 7 








18 1 


38 


1 9 






I. P., B.P. ETC 


13 1 


26 


1 13 




.6 


ON*BOARD ELECTRONIC MEAS. DEVICES.. 


15 1 


30 


1 16 


1 3 1 



YOUR COMMENTS (IF ANY): 
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SPECIFIC COURSE INFORMATION 



4. The following topics arc needed in the area of WELDING AND FABRICATION. 





Please indicate your response to the 
appropriate column. 


above 


statement 


by placing 


a tick ( 


) in t h 




TOPIC 1 STRONGLY 

1 AGREE 


1 AGREE 


1 DON'T I 
1 KNOW I 


D ISAGREE 1 


STRONGLY 
DISAGREE 


.1 


MODIFY HEADS BY WELDING & MACHlNlNGj 


29 


1 26 


1 ^ 1 


4 I 


1 


.2 


MAKE OR MODIFY SUMPS | 


22 


1 30 


I 4 1 


5 1 


1 


.3 


MAKE OR MODIFY SUSPENSION PARTS | 


10 


1 ^6 


1 11 1 


14 1 


7 


.4 


MAKE OR MODIFY ENGINE MOUNTINGS \ 


11 


1 23 


1 1 


10 1 


4 


.5 


MAKE OR MODIFY CLUTCH HOUSINGS | 


11 


1 21 


1 1 


8 1 


3 


• 6 


MAKE OR MODIFY GEARBOX HOUSINGS | 


8 


1 23 


1 1 


9 1 


3 


.7 


MAKE OR MODIFY CHASSIS FRAMES | 


10 


1 ^5 


1 ^6 1 


16 1 


4 


.8 




17 


1 35 


1 ^ 1 


1 1 


1 


.9 


EXHAUST SYSTEMS | 


17 


1 30 


1 ^ 1 


2 1 


1 


.10 


ROLL CAGES | 


14 


1 20 


j 11 j 


9 I 


4 1 



YOUR COMMENTS ( IF ANY): 
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APPENDIX 3 



OUESnCMiMRE REPT TTy; - AS A PERCEWIAGE 



GENERAL INPOBMftTiaJ 

1. OcnpeuTy Naite (cptional) : 

2. State or Territory: 

3. Nuntoer of Skilled Staff: 

4. Average age of Skilled staff: 



★Please note: all of the 
following figures have 
been rounded off to the 
appropriate nuitbsr. 



5. 



6. 



7. 



8. 



Eto your new staff usually require training 
to satisfy your particular requirements? 


Yes 


No 


96% 


4% 


Do you find that there are sufficient 
numbers of adequately skilled personnel 
within the industry? 


Yes 


No 


7% 


93% 


Do your stcif f require an vmderstanding of 
electronic engine management systeaxis? 


Yes 


No 


43% 


57% 


Do you have any experience in worJcing with 
the following materieds? 






Yes 


No 


a) carbon fibre 


8% 


92% 


b) ceramics 


18% 


82% 


c) titanium 


26% 


74% 


d) aramid fibres 


2% 


98% 



9. Do you feel that there is a need to develop 
an advanced course for hi^ performance 
engines? 



Yes 



76% 



No 



24% 
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SPECIFIC COURSE IMFORMATIOW 



1. The foUouing topics are needed in the area of ENGINE ASSEMBLY & BLUEPRINTING, 



1 • 


Please indicate your response to 
appropriate column. 


the above statement 


by placing 


a tick ( 


) in the 


1 


TOPIC 


1 strongly 
1 ag;;ee 


1 agree 


1 DON'T 1 

1 ^ u nu 1 
1 K N UW 1 


DISAGREE 


1 STRONGLY 1 
1 D ISAGREE t 


1 .1 




. 1 63X 


1 36X 


1 nv 1 


IX 


1 0^ 1 


1 




. 1 73X 


1 27X 


1 nx 1 


OX 


1 OX 1 


1 


COMP. RATIO CHECK & CALCULATIONS.. 


. 1 56X 


1 35X 


1 "^X 1 


6X 


1 0* 1 


1 




. 1 71% 


1 24X 


1 HA 


IX 


1 ox 1 


1 




. 1 72X 


1 23X 


1 "^T 
1 


2X 


1 0^ 1 






. 1 54X 


1 33X 


1 


8X 


1 ox 1 


1 




. 1 57X 


1 34X 


1 


3X 


1 ox 1 






. 1 29X 


1 40X 


1 23X 


7X 


i 1 


|.7 




. 1 34X 


1 40X 


1 19X 


7X 


1 ox 1 


|.8 




. 1 46X 


1 44X 


1 


1 


1 ox 1 


|.9 




. 1 36X 


1 44X 


j 19X 


1 


1 ox 1 


* 


(Please note: All of the above decimal 


figures 


have been 


rounded 


off to the 



appropriate decimal poirt.) 



YOUR COMMENTS (IF ANY): 



SPECIFIC COURSE INFORMATION 



2. The foUoHing topics arc needed in the area of PRECISION MACHINING OF COMPONENTS, 





Please ii ^icate your response to 
appropriw.^ column. 


the above 


statement 


by placing 


a tick < 


) in the 




TOPIC 


1 STRONGLY 


1 AGREE 


1 DON'T I 


DISAGREE 1 


STRONGLY 






I AGREE 




1 KNOW 1 




DISAGREE 


.1 


CRACK TESTING 


.| 72X 


1 20X 


1 1 


OX 1 


OX 






.j 56X 


1 36X 


1 2X 1 


6X 1 


OX 






.| 62X 


1 38X 


1 0% 1 


OX 1 


OX 






. 1 55X 


1 44X 


1 1 


OX 1 


OX 






.| 54X 


1 35X 


! sx 1 


6X 1 


OX 






. 1 72X 


1 28X 


1 0% 1 


OX 1 


OX 






. 1 60X 


1 38X 


1 1 


OX 1 


IX 


•2 


CYLINDER BLOCK SURFACING/DECKING.. 


.| 6SX 


1 35X 


1 0% 1 


OX 1 


OX 


•3 




. 1 27X 


1 36X 


1 27X 1 


9X 1 


1X 


.4 




.| 30X 


1 41X 


1 1 


8X 1 


IX 


.5 


"0" RING CYLINDER BLOCKS 


.| 36X 


1 47X 


1 1 


6X 1 


ox 


.6 


HONING CYLINDERS WITH STRAIN PLATE 


. 1 53X 


1 38X 


1 1 


IX I 


1 A 


\.7 


INLET MANIFOLD MACHINING (V8) 


.| 46X 


1 52X 


1 0% 1 


IX 1 


1X 


|.8 


MAIN BEARING TUNNEL BORING 


.| 57X 


1 37X 


1 IX 1 


5X 1 


ox 


|.9 


MAIN BEARING LINE HONING 


. 1 49X 


1 42X 


1 ^ 1 


IX 1 


IX 


.10 


MACHINE HEADS FOR LARGE VALVES 


. 1 44X 


1 47X 


1 3X 1 


6X 1 


ox 


|.n 


MACHINE COMBUSTION CHAMBERS 


. 1 46X 


i 41X 

1 


1 ^ 


5X 1 


IX 
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2. (Continued....) 



TOPIC 


i STRONGLY 
I AGREE 


i AGREE 


j DON'T 
1 KNOW 


1 DISAGREE 


I STRONGLY 
1 DISAGREE 


•1^ DTNAnlt dALANUC UUnrUNbN i S . . . 






1 ax 


1 ?X 


1 OX 


1"^ STATIC BALAyrp rnMPnuFNTS 


. . 1 44X 


1 48X 


1 


1 


1 




1 SOX 


1 SOX 


1 


1 


1 OX 






1 28X 


1 39X 


1 15X 


1 


.16 MACHINE BRAKE COMPONENTS 


1 16X 


1 30X 


1 33X 


1 16X 


I 5X 




1 48X 


1 40X 


1 8^ 


1 3^ 


I IX 




1 16X 


1 24X 


1 41X 


1 UX 


1 




I 16X 

1 


I 33X 


1 31X 


1 15X 


1 5X 


(Please note: All of the 


above decimal 


f igures 


have been 


rounded 


off to th 



appropriate decimal point.) 
YOUR COHHENTS (IF ANY): 
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SPeClFiC COURSF IMFOPMATIOM 



■ 


The following topics art* needed in th^ area of 


ENGINE 


TESTING AND 


EVALUATION 






Please indicate your response to the above statement 
appropriate column. 


ty placing 


a tick < 


) in th 




TOPIC 1 STRONGLY 1 

1 AGREE 1 


AGREE 


1 DON'T 
1 KNOW 


DISAGREE] 


STRONGLY 
DISAGREE 


.1 




S'SX 


1 


OX 1 


OX 


.2 


GAS FLOW CYLINDER HEADS | 40X 


42X 


1 17X 


1X 1 


OX 


.3 


THEORETICAL KNOWLEDGE OF POWER DEV. | 37X | 


52X 


1 8^ 


3X 1 


OX 


.4 


THEORY OF ENGINE BALANCE | 42% | 


52X 


1 6^ 


OX 1 


OX 


.5 


ENGINE EFFICIENCY | 37X | 


57X 


1 6^ 


OX 1 


OX 




FRICTION 1 32X 1 


*=8X 


1 1 0X 


OX 1 


n¥ 
Ua 




VOLUMETRIC | 28% | 


58X 


1 UX 


ox 1 


OX 




I. P., B.P. ETC 1 25X 1 


SOX 


1 25X 


OX 1 


ox 


.6 


ON-BOARD ELECTRONIC MEAS. DEVICES.. | 23X | 


47X 


1 25X 


5X 1 


ox 



* (Please note: All of the above decimal figures have been rounded off to the 
appropriate decimal point.) 

YOUR COHHENTS (IF ANY): 
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S PgClFIC COURSE INFORMATION 



4. The ^oUoKing topics arc needed in the area of WELDING AND FABRICATION , 





Please ir cate your response to the above 
appropriate column. 


s la lemeni 


h\/ n 1 tkf 1 na 
Oj p I aw 1 ng 


a t i ck 


< ) in th 


1 


TOPIC 


STRONGLY 




1 DON'T 


DISAGREE 1 STRONGLY 


1 




AGREE 




1 KNOW 




1 DISAGREE 


l.1 


MODIFY HEADS BY WELDING & MACHINING 


48X 


1 43X 


1 


7X 


1 IX 


1-2 


MAKE OR MODIFY SUMPS 


36X 


1 48X 


1 ^ 


8X 


1 1% 


|.3 


MAKE OR MODIFY SUSPENSION PARTS 


17X 


1 ? 


1 19X 


24X 


1 12X 


|.4 


MAKE OR MODIFY ENGINE MOUNTINGS 


18X 


1 37X 


1 23X 


16X 


1 6^ 


1-5 


MAKE OR MODUY CLUTCH HOUSINGS 


18X 


1 35X 


1 29X 


13X 


1 


|.6 


MAKE OR MODIFY GEARBOX HOUSINGS 


UX 


1 40X 


1 26X 


15X 


1 5% 


1 .7 


MAKE OR MODIFY CHASSIS FRAMES 


16X 


1 25X 


1 26X 


26X 


1 


|.8 


INLET SYSTEMS 


29X 


1 59X 


1 10X 


IX 


1 


|.9 


EXHAUST SYSTEMS 


30X 


1 54X 


1 11X 


4X 


1 


j.io 


ROLL CAGES 


24X 


1 ZbX 


1 19X 


16X 


1 6^ 


* 


(Please note; All of the above 


dec 1 ma I 


f igures 


have been 


rounded 


off to th 



appropriate decimal point.) 



YOUR COHHENTS (IF ANY): 
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APPENDIX 4 



SPECIFIC CXXJRSE INPOBMATION 

1. The following topics are needed in the area of ENGINE ASSmSLY AND 
OCMMEWrS: 

As you well know, there is a ciironic shortage of Auto Machinists for 
day-to-day workshop work. I hope the major effort & resources are 
kept training "starters" rather than producing ^)eciali .ts for 
ccnpetition vehicles. 

RTSARDS 

It -k -k 

Vlh^x: do you mean "blu^rinting"? I have been buildirg series 
production and f/ford engines for 15 years and the term blu^rinting 
is probably the most misused terminology in the motor trade. Vfe cLLso 
race for T/Cam and BDA engines ourselves as well as building them for 
others. 

* * * 

Blueprinting is catpulsory as far as engine performanoe is concemed, 
with the secret being - ke^ 100% ooncentration. 

* * * 

It is my opinion that a special course is not warranted. If a person 
wishes to pursue this type of career you undoubtedly find your 
e5^)erieiice by practical ea^^erienoe in the workshops \*iich Ccirry out 
this type of work. A good proportion of this prcposal is covered by 
standard engine reconditioning course new available. 

* * * 

It is my opinion that a course as indicated, is junping the gun. The 
engine Reconditioning Industry requires tradespersons with a good 
basic knowledge of engine reconditioning. 

* ★ ★ 

Greater need for detailed camshaft operation. 

* ★ ★ 
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SPECIFIC cnURSE INPOBMATICTJ - Continued. 



I vrould have thcu^ each engine ^-eoonditioning apr^rentice would be 
e)5)ected to be capable of performing the tasks with vAiich I have 
agreed. 

★ ★ ★ 

Modify wet sunp with baffles to stop surge. (.6 ii) 
Piston to VELlve cleeiranoe check. (.4) 

* * * 

T.raining is required to develop understanding as to v*iy the above 
itaons are inportant. 

* * ★ 

It would be desireable to have an understanding of the air-flcw and 
breathing characteristics oontrolled by the induction system, 
cylinder head ports Cam timing - lift and ex aust system. 

★ ★ * 

D^3endent on engine type and such as deckl _ pistons it d^)ends on 
vAiich brand as most forged units are quite accurate. 

* ★ * 

Dear Sir, edthough sane inerit may be gained by conducting such a 
course, I feel the prcablem should be addresspri as vAiat is being done 
to provide a course for basic Engine Reconditioning. The majority of 
engine recanditioners Australia are always seeking skilled/trained 
personnel Dore apt to the repairing of Diesel/Petrol engines, a 
limited few 5Jpecialise in hi^ performance engine modifications. Your 
interest is appreciated, but your direction could be well awarded in 
another area. Yours faithfully, (name supplied). 

★ ★ ★ 

Dear Sir, Being an Engine Recx)nditioner for 25 years, I feel this 
questiorjinaire is fine for Hi^ Performance needs, but I vrould like to 
say thc?t the ••WHOLE IRAINING'* of engine reconditioners needs to be 
addressed. There is a need for a TAFE course dealing specifically 
with Engine Reconditioning. This would entail training on all 
machinery and other aspects of the reconditioning game. If you start 
with this and then follow with specialised courses outlined in your 
questionnaire, then you will produce the specialised engine 
reconditioners of the future. 



SPECIFIC OOURSE INPOFMATIC^ - Continued... 



Conpression ratio dieck, heads excessively inacliine, lifter crush, 
r^new oil punps, netal fatigue of drives fail \*ien oil p^:^ssure 
increased. 

Can rod and main and head bolts should be replaced. Excess t/jrquing, 
thread stretch, twist etc... 

* ★ ★ 

We must narrow the definition of Engine Reconditicner. "Jack of all 
Trades, Ifaster of none". Manufacture of non-reoonditional engines 
creating unenplcyment. 

* * * 

Most of the topics listed are basically strai^t forward. Deck 
heists, bearing fitting, ccnp. ratio are all calculated for you in 
many catalogues. Maybe an imderstanding of all typ^ of engines and 
how they work mi^t help in this area of ass. Most leadinq race type 
engine assembly rely on machine shops to simply cccponerts and are 
basically selling their knowledge with engines built. 

* 4r ★ 



Ihe teachers firstly have to be motivated in technology advancement 
and skills. 

I mi(^t sound lite a case of sour grapes, but I would do anything to 
advance the level of skills and tradespeople in engine 
reconditioning, assembly and dyno with correct application. 

hy whole life and business evolves arcxmd hi^ performance. In ... I 
have given up the cause and live in my cwn "Little World" - (name 
supplied) 

P.S. Ke^ \jp the ef fortl 1 ! - Many, irany thanks! ! ! 

* ★ ★ 

The current course dees not eiT?*asize the iirportance of any of the 
above. 



SPECIFIC OXJRSE TNFPBMATKa^ - Continued. . . 



Degreaing and stroking crankshafts. 

★ ★ ★ 



Bearing fitting should include grinding of C/shafts to suit fitted 
brgs to obtain correct clearance. 



* ★ ★ 



Checking off geometry. 
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SPECIFIC CXXJRSE INPOPMATICyr - Continued. . . 



2. Die following topics are needed in the area of "T^ECISIC^I MACHINING OF 
OCMMEWIS; 

Strongly disagree on Q.9. as if main tunnels are tunnel bored 
correctly, is no need for honing. Answer to Q,6. - your question 
should read BORE & HONE with string plate not just hone fron scratcii, 
as scnie tend to do. 

* ★ ★ 

.1 (f) Blocks & heads should be pressure tested, 

• 1 (a) Pistons should be r^laoed as crack testing wculd make the 

oost of most engines prohibitive. 

• 1 (c) Bolts should be replaced if in doubt. 

3,5,9,10,11. In our line of busina^, we do standard production 
engine 

reoonditianing. We would rot normally line bore or hone 
tunnels unless sane damage had been caused by failure of 
ccnponents. 

.17 We sonetimes cam grind pistons only if we cannot buy the 

ri^t pistons. 

* * * 

What about: resize con rods, fitting tushes and gudgeon pins, 
fitting inserts, fitting and reaming valve guides, etc etc - Basic 
Engine Reconditioning Requirements, 

* * * 

Gas flow - see next subject. Other don't know's - don't do enou^ of 
it to be in a position to ccrament. 

* * * 

(.13) Motor bikes only. 

* * * 

The ones I disagree with are only for hi<^ performance engines (5. 7, 
10, 11, 12, 13, 17) 

* * * 
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SPEXJFIC OOURSE INFOBMATia^ - Continued. 



Ihe basic cxxarses as presented to apprentices at the incroent are 
boring. Ihe average or above average would beocroe more enthused in 
his work as a result of the above courses. IMs increasec' awareness 
and enthusiasm would be reflected throu^ the ENTIRE TRAINING FROGRAM. 

* * * 

Please include grinding and finishing prq)aration of crankshafts and 
resizing of con rcxJs and correcting for center to center lengths of 
con reds. 

* * * 

(.17) D^jends on the purpose e.g., to lower conpressxon ratio. 
O.K. providing plenty of thickness in head. 

* ★ * 

AT;r. machining should be precisionl 1 \ 

* * * 

Ctoviously all the above would by the ultimate course, but only a very 
limited amount of machine shops would have facility for all these 
operations. 

* * * 

N/A response indicates not applicable to our business - but agree 
needs to be included (.Id, 3, 13, 15, 16, 18, 19) 

* * * 

One very ijiportant machining operation requiring urgent and immediate 
attention is that of Automotive Crankshaft journal regrinding. Vfe 
have been attenpting to obtain the service of first class operator for 
(2) two years without success. 

* * * 

(.16) Consider out of engine realm. 

* * * 



ERLC 



51 



SPECIFIC OXIRSE INPORMaTION - Oontinued* 



(.4, •?) A practice I stror^ly disagree with. Usually associated 
with an eoorKTui^T way of raising ocqpr, for the rocroent, but not in 
the Icrg run- Disadvantages: Water jacJoets not lining up, Rockpx 
gecm, inlet man not sesdii^, gas flew and swirl area diff. to ^at 
pistons are designed for, tappet adjust,, (e^)ecially non- 
adjustables) . 

* * ★ 

For a skilled machinist to give his maximum, he naast be trsdned in 
inportanoe on such items as carpca^entry matching and sundry * e^g,, 
carby's, distributors, cams, gear ratio. Otherwise he goes throu^ 
life thinking that the only thing that makes horsepcwer is correct 
machining. Machining is only the base! 

* * ★ 

(17) Due to the ccnplexity of today's piston, it is practically 
inpossible to machine the and clearance required by today's 

standards. 

* ★ ★ . 

Advance education for precisian machining of conponents? As all 
auto, madiining is a hi^ precisian skill , therefore shouldn't it be 
the standard requirements of all training i,e, , tolerances of ,0001" 
piston pins, 

* ★ * 

I believe that axle/transmission ccnponents shculd be lootoBd after by 
the experts in that field. In my shop we do work on these coiponants 
as we have a fully equipped maciiine shop, 

* * * 
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CC OOURSE INPCgglRTIOtT - Oantinued. . . 



3. The following txpics are leeded in the area of ENGINE ItrbTlNS AND 



Diagnosis of engine faults should be checked and double checked in the 
case of machine fadlure or favilts. 

* * * 

To teadi subjects as above to person who do not have a sound 
education in the basic principles of engine reconditioning, would be 
similar to trying to teach scroeone to waterski vhen they cannot swim 
and do not have a life jacket. 

* * * 

Gas flowing cylinder heads involves to much nore than simply 
maximising the volume of cdx \ii^ch can be passed throu^ a port. 
This aspect of engine designs is the subject of intense debate 
between very hi^y qualified university graduates. Do ve knew the 
answers ourselves? If not, vAiat do you propose to teach? 

* * * 

Dyno work is exciting and fulfilling and teaches frc trial and error 
the correct wa^ to do work properly. 

* * * 

Please inclvde cylinder leakage testing, valve seat run out and 
resultant seal testing of valves. 

* * * 

Full competence of dyno & carburettor reconditioning and 
modifications. 

* * * 

Swirl diaittoer and flame fronts extreinely inportant. 

* ★ ★ 

Elr?2hasis to be placed on correct ocnponent matching to result in 
correct applications e.g. , heads, cams, induction, erfiaust. 
Inportanoe of distributors, induction etc... 
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SPECIFIC QDORSE INPOPMAnCTJ - Continued. 



4. The follcfwing topics are needed in the area of ITOdSION MACHINING OF 

It takes a special sort of person to be any good with modifies 
engines. A general course may inprove the staniard of same s^tudents, 
hcwever, I find it extremely difficult to find anyone suicable to 
train. You have not stated v*iether the course is to be post- 
apprenticeship or part of training during apprenticeship. 

* * ★ 

All modifications to be made with more than sufficient strength of 
materials used. 

* ★ ★ 

* Same occiments as for previous area, however, the prijx:iples of 
individual pipes are relatively easy to cedculate and refine by 
e5?)eriment and we have to start saiev*iere. Disagree Topics - Feel 
these should be left ot skilled and roACnciNG welders. 

* ★ * 

Wte have found the level of skill required seriously lacking in 
general mechanical c^rentioeships for our application. Thus we have 
chosen Fitters with seme racing background or esqperienoe and then 
taught them cur own specific requirements. Ycur proposed course 
outlined above appears to give an excellent coverage. If we can be of 
further assistance, please don't hesitate to csdl. 

* ★ ★ 

D^Dending on numbers, or industry demand. 

* ★ * 

(.3) Accurate measurements and machining are required for suspension 
conponents and any cast iron suspension parts that are heated aix3/or 
bent should be thorou^y crack tested. 

* ★ ★ 

A2.1 above help in base understanding, cylinder heads - extreme 
^Decialist work, but badly lacking skilled tradesmen. 

* ★ * 
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If these areas were welcJed and macfiined outside inanufacturers 
^Decifications, we lease aU insuranoe arvi end \^ in a small clciims 
tribunal being f ^lly responsible. Have spoken to Geoff Sh^jherd of 
the Oonsumer Affsdrs D^Dartment. 

* * * 

Su^jension, ciiassis & scifety oatpcaients rpqoire extregne caution in 
design and manufacture. The>' require aviation industry skills and 
quality control EAILUKES CAN BE FATAL! ! ! 

* * * 

Teaching electric cast iron welding (without hard spots) . 

* * * 
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